In the treatment of arrhythmia, β-blockers are mainly used to regulate the heart rate. However, β-blockers are also known as drugs with an antiarrhythmic effect due to the suppression of sympathetic activity. We evaluated the antiarrhythmic effects of a highly selective β 1 -blocker, bisoprolol, in patients with diurnal paroxysmal atrial fibrillation (P-AF).
PAROXYSMAL atrial fibrillation (P-AF) is one of the most common arrhythmias in daily practice. In general, P-AF is not a type of arrhythmia with a poor prognosis, but it is an arrhythmia that may lower the quality of life (QOL) by causing certain symptoms such as palpitations, or even lead to serious complications such as cerebral infarction. For the treatment of P-AF, either pharmacological treatment or catheter ablation is used, with the former treatment being carried out in most patients.
The pharmacological treatment of P-AF is largely divided into rhythm control therapy and rate control therapy. When rhythm control therapy is selected, according to the recent guidelines for antiarrhythmic drug treatment, class I antiarrhythmic drugs are recommended for administration. 1, 2) Due to their atrio-ventricular conduction suppressive effect, in the field of arrhythmia, β-blockers are mainly used to regulate heart rate; ie, to treat tachyarrhythmia.
3) However, an antiarrhythmic action by β-blockers is also anticipated as an antagonism for high sympathetic nerve activity. 4) Regarding the antiarrhythmic action of β-blockers, many studies have been conducted on ventricular arrhythmias. [5] [6] [7] [8] In these studies, it has been demonstrated that administration of β-blockers suppressed life-threatening ventricular arrhythmic episodes with a consequent reduction in the incidence of cardiac death. However, only very few studies investigated supraventricular arrhythmias, and more importantly, there are few reports on P-AF in the literature.
In the present study, using bisoprolol, the most selective β 1 -blocker, 9 ) the antiarrhythmic effects in patients with confirmed diurnal episodes of P-AF were investigated, taking into consideration the involvement of sympathetic activities and the concomitant use of class I antiarrhythmic drugs. In addition, in the patients in whom bisoprolol proved effective in a short-term evaluation, the longterm suppressive effects by continuous administration were evaluated.
METHODS
Study population: A total of 136 consecutive patients (74 men, 62 women, mean age, 67 ± 14 years) who visited Kyorin University Hospital between January 2003 and October 2005 were enrolled. They complained of symptoms such as palpitations, and had a diurnal P-AF episode in a 12-lead electrocardiogram (ECG) or 24-hour Holter ECG, and were indicated for pharmacological treatment. They exhibited P-AF episodes at least twice within the previous 3 months. In the present study, patients who had been receiving an antiarrhythmic drug for the treatment of P-AF were also enrolled. P-AF was defined as a condition in which AF spontaneously recovered to sinus rhythm within 24 hours after the onset.
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Patients were excluded from the study if they received a pacemaker implant, underwent catheter ablation, had an acute myocardial infarction episode within a month, or when it was considered risky to receive β-blockers due to bradyarrhythmia, bronchial asthma, or hypotension.
The clinical characteristics of the study patients are shown in Table I . Underlying diseases were detected in 90 patients (66.2%), with hypertension being the commonest (50.7%), followed by valvular disease (11.8%), diabetes mellitus (11%) and coronary heart disease (11%) with almost the same incidence rates. Lone AF, or underlying disease-free AF was observed in 42 patients (33.8%). Antiarrhythmic drugs had been used in 71 patients (52.2%) as follows: cibenzoline in 22 patients, propafenone in 19, pilsicainide in 17, disopyramide in 9, and amiodarone in 4. Thromboprophylaxis drugs were used in 64 patients as follows: warfarin in 29 patients, aspirin in 39, and both in 4. Other drugs included calcium Although patients with symptomatic diurnal P-AF were enrolled in the present study, the patients were evaluated after dividing them into a diurnal type group (n = 54) who had P-AF during the daytime (7:01-19:00) only and a diurnal & nocturnal type group (n = 82) who had P-AF during both the daytime and nighttime (19:01-7:00). In addition, depending on the concomitant use of an antiarrhythmic drug, the subjects were divided into a bisoprolol single use group (n = 65) and a combined use group (n = 71).
The protocol was approved by the ethics committee of Kyorin University Hospital. Informed consent was obtained from all patients prior to enrollment into the study. Administration of bisoprolol: Bisoprolol was administered at 2.5 mg/day. However, if the patient weighed more than 80 kg or his systolic BP was higher than 140 mmHg, the dose was increased to 5.0 mg/day. Accordingly, a total of 46 patients (33.8%) received 5.0 mg/day. For the patients who had been receiving other antiarrhythmic drugs, bisoprolol was also administered while maintaining the dosage and administration of the former antiarrhythmic drug. When bisoprolol was considered effective, the administration was further continued for at least 24 months. Assessment of antiarrhythmic effects: The suppressive effects of P-AF were evaluated by the following 3 criteria: subjective symptom improvement, quality of life (QOL) improvement, and elimination of P-AF episode in 24-hour Holter ECGs. A short-term evaluation was carried out in the third month after the initial administration. When all of these criteria were satisfied, we considered that bisoprolol was effective.
Evaluation of subjective symptoms. The subjective symptom improvement was evaluated by a symptom logbook recorded by the patient, and the logbook was checked regularly every two weeks while attending the outpatient clinic after starting oral bisoprolol. The strength and frequency of the symptoms were monitored, and when the symptoms improved, the condition was regarded as an "improvement."
Evaluation of QOL. The QOL improvement was evaluated by two aspects: limitation of physical activities and limitation of mental stresses. Briefly, we evaluated QOL by distributing questionnaires to the patients to fill out at 3 months after starting the initial oral administration. Limitation of physical activities and limitation of mental stresses were individually evaluated at 4 levels (significantly improved: 2 points, improved: 1 point, no change: 0 point, worsened: -1 point), and "improvement" was determined if the average score was greater than 1 point. Currently, AFQOQ 10) used in the J-Rhythm study 11) is extensively utilized in Japan, but we have developed our own simple QOL questionnaires since AFQOQ was not released yet when we designed the study.
Evaluation of elimination of P-AF episode in ECGs.
For evaluation of the actual elimination of P-AF episodes in ECG, 24-hour Holter ECG was used. It was necessary to confirm the presence of P-AF episodes in ECGs since Page, et al 12) reported that even symptomatic P-AF patients can show asymptomatic P-AF episodes in detailed Holter ECGs. The Holter ECG was recorded monthly starting at one month after the initial administration of bisoprolol to monitor the presence or absence of P-AF. Elimination of the P-AF episodes in ECGs was considered when the episode was not detected at all in Holter ECGs for 3 times in the first 3 months. Evaluation of long-term effectiveness of continuous administration: In the patients in whom administration of bisoprolol was effective for treatment of P-AF after the initial 3 months, the long-term suppressive effects on P-AF by continuous administration of bisoprolol were evaluated. The total follow-up period was 24 months. Three items; namely, the subjective symptoms, QOL, and Holter ECG were monitored and recorded 6, 12, 18, and 24 months after the initial administration. We concluded that bisoprolol was effective for the long-term suppression of P-AF if the patient did not show any subjective symptoms, worsening QOL, or P-AF episode. Statistical analysis: The data are presented as the mean ± SD. Student's t-test was used for statistical comparison of the patient background factors between the two groups, and the χ 2 test was used for comparison of the incidences. A P value < 0.05 was considered statistically significant.
RESULTS
Side effects following oral administration of bisoprolol were observed in 5 patients (3.7%), necessitating the discontinuation of administration. The side effects were severe bradycardia in 3 patients and edema in 2 patients. Figure 1 presents the antiarrhythmic effects of bisoprolol in all 136 patients. The subjective symptoms and QOL improved markedly; and the improvement rates were 80% (109 patients) and 76% (103 patients) of the patients, respectively. The actual elimination rate of P-AF episodes on Holter ECGs was 62% (84 patients). The effects on subjective symptoms were very similar to that on QOL (both 94%). When the changes in heart rate in the resting ECGs were compared between the patients with an improvement in subjective symptoms and those who did not experience any improvement, heart rates in the former patients were significantly reduced (P < 0.0001) (Figure 2 ).
Comparison between diurnal P-AF group and diurnal & nocturnal P-AF group (Table II) : When the diurnal & nocturnal P-AF group (n = 82) was compared with the diurnal P-AF group (n = 54), there were no differences in the structural factors except that the diurnal P-AF group showed significantly higher resting heart rates (P = 0.003). Comparison of the changes in heart rate between the patients with improvement in subjective symptoms and those who did not claim any improvement with administration of bisoprolol. Figure 3 shows comparisons of the subjective symptom improvement, QOL improvement, and elimination of P-AF in EGG between the two groups. Improvement in the subjective symptoms was observed in 45 patients (83%) in the diurnal P-AF group and in 64 patients (78%) in the diurnal & nocturnal P-AF group, and the difference between the two groups was not significant. For QOL, improvement was observed in 43 patients (80%) in the diurnal P-AF group and in 60 patients (73%) in the diurnal & nocturnal P-AF group, and the difference between the two groups was not significant. Regarding the elimination of P-AF episodes in ECGs, episode elimination was observed in 39 patients (72%) in the diurnal P-AF group and in 45 patients (55%) in the diurnal & nocturnal P-AF group, and the episode elimination was significantly higher in the former group (P = 0.042).
Comparison between bisoprolol single use group and combined use (with an antiarrhythmic drug) group (Table II) : There were no differences between the two groups, with the exceptions that the left ventricular ejection fraction rate was significantly higher (P = 0.019) and the anticoagulant therapy was significantly lower in the bisoprolol single use group (n = 65) than in the combined use (with an antiarrhythmic drug) group (n = 71). Figure 4 shows comparisons of the subjective symptom improvement, QOL improvement, and elimination of P-AF episodes in ECGs between the two groups. Subjective symptom improvement was observed in 53 patients (80%) in the single use group and in 57 patients (80%) in the combined use group, and the difference between the two groups was not significant. QOL improved in 48 patients (74%) in the single use group and in 55 patients (78%) in the combined use group, and the difference between the two groups was not significant. In addition, the elimination of P-AF episodes in ECGs was observed in 41 patients (63%) in the single use group and in 43 patients (61%) in the combined use group, and the difference between the two groups was not significant. Long-term suppressive effect by continuous administration: In the 83 patients in whom bisoprolol proved effective in the short-term evaluation, ie, the patients who demonstrated subjective symptom improvement, QOL improvement, as well as elimination of P-AF episodes in ECGs, the long-term suppressive effects on P-AF by continuous administration were evaluated. During follow-up, one patient experienced symptomatic bradycardia due to bisoprolol. Withdrawal of the drug was necessary in this patient and the patient was excluded from the longterm evaluation. Suppressive effects on P-AF at 6, 12, 18, and 24 months after the initial administration were detected in 79 (95%), 76 (92%), 72 (87%), and 70 (84%) of 83 patients, respectively, indicating that the suppressive effects of bisoprolol on P-AF were still strong at 24 months. There were no clear differences between the two groups when the patients were divided into the bisoprolol single use group and the combined use group (with an antiarrhythmic drug) ( Figure 5 ). 
DISCUSSION
P-AF is an arrhythmia frequently observed along with certain underlying diseases such as valvular disease, ischemic heart disease, cardiomyopathy, and hypertensive heart disease, but it is also often induced by elevated autonomic nervous function and stresses. Therefore, P-AF can be classified into a high vagal nerve activity type or high sympathetic nerve activity type, or nocturnal P-AF or diurnal P-AF depending on the effects on the autonomic nervous activities. 1, 2) It is known that administration of a drug that blocks autonomic nervous function increases the suppressive effect of P-AF when pharmacological treatment is selected. 1, 2) In the present study, using bisoprolol, which is an excellent heart selective β-blocker, we investigated the efficacy on P-AF in diurnal P-AF patients. We found that the administration of bisoprolol effectively suppressed P-AF in 62% of the patients, indicating a high antiarrhythmic effect of bisoprolol on P-AF. Furthermore, this effect was observed upon single use of bisoprolol, especially in the diurnal P-AF. The long-term effect of bisoprolol was also indicated.
When pharmacological treatment is chosen for P-AF to regulate the cardiac rhythm, a Na-channel or K-channel blocker is selected in many patients. However, many studies have reported that the use of these drugs to suppress AF resulted in worsening prognosis although the drugs exhibit strong antiarrhythmic effects. [13] [14] [15] [16] In addition to a worsening prognosis, these drugs may induce a risk of serious ventricular arrhythmia, eg, torsade de points, as a side effect. Recently, the effectiveness of β-blockers in the treatment of persistent AF has been reevaluated since several large-scale studies revealed that rate control therapy using a drug such as a β-blocker proved not to be inferior to rhythm control therapy using an antiarrhythmic drug in terms of the incidence of serious events such as cerebral infarction. 3, 17) Some studies investigated the correlation between β-blocker administration and the incidence of AF. Bruce, et al 18) reported that the use of β-blockers lowered the incidence of new AF episodes in elderly people based on their epidemiological study (relative risk = 0.61). Nasr, et al 19) suggested that the use of β-blockers suppressed new episodes of AF in patients with heart failure. Haghjoo, et al 20) reported that administration of a β-blocker (carvedilol) was effective in suppressing AF after coronary artery bypass graft surgery. These studies did not directly investigate the suppression of a preexisting P-AF condition, but they indicated that β-blockers suppressed AF episodes. A study investigated the effect on rhythm control in persistent AF patients who underwent electrical defibrillation using metoprolol, a β 1 -blocker similar to bisoprolol. 21) The results revealed that administration of metoprolol was effective in preventing AF recurrence. There are two reports comparing the suppressive effect of a β-blocker with that of an antiarrhythmic drug in P-AF patients. Steeds, et al 22) compared the β-blocker atenolol, and sotalol which is a class III antiarrhythmic drug having a β-blocking function, in symptomatic P-AF patients. Both showed a similar level of P-AF suppression. Plewan, et al 23) compared the suppression of P-AF recurrence in persistent AF patients who underwent electrical defibrillation, and demonstrated that bisoprolol administration had a similar effect to that of sotalol administration in terms of suppressing P-AF recurrence. Furthermore, they concluded that administration of bisoprolol was more effective than administration of sotalol because of the lower incidence of side effects observed in the patients treated with bisoprolol.
Bisoprolol is the most selective β-blocker in the heart and a highly sympatholytic drug. 4) When the sympathetic tone is increased, norepinephrine is released from the sympathetic nerve terminals to stimulate β-(β 1 ) receptors in the cardiac muscle, following which G-protein is activated to activate adenyl cyclase to eventually act on calcium channels, which decrease the action potential duration of the atrial muscle cells to increase the risk of AF episodes by shortening the refractory phase.
4) Therefore, β-blockers are effective at suppressing AF due to their β 1 selectivity. In addition, a recent study has indicated that a lipid soluble β-blocker is more effective than a water soluble β-blocker in terms of cardiac muscle protection, 24) and bisoprolol is considered to have a similar effect since it is also a lipid soluble drug. Furthermore, atrial muscle remodeling is also believed to be involved in AF episodes, and bisoprolol is expected to suppress the remodeling of atrial muscle due to its antioxidative effect. In this manner, bisoprolol is a suitable β-blocker for the suppression of P-AF.
As another advantage of using bisoprolol, as demonstrated in the present study, even if arrhythmia was not suppressed, bisoprolol is expected to be effective in regulating the cardiac rate with consequent improvement of the subjective symptoms and the QOL of the patient. Thus, the administration of bisoprolol is still useful. Study limitations: There were several limitations in the present study. First, the study enrolled P-AF patients who demonstrated P-AF during daytime. Therefore, this increased the efficacy of bisoprolol administration. In other words, the efficacy would have been lower if all P-AF patients were targeted.
Second, the QOL was assessed by the simple questionnaires that we developed. The use of detailed questionnaires might have resulted in slightly different conclusions.
Third, placebo or other β-blockers were not used as a control. Haghjoo, et al 20) reported that carvedilol was more effective than metoprolol for prevention of atrial fibrillation after coronary artery bypass graft surgery. Thus, the use of a control drug was necessary to conclude that bisoprolol is the most effective β-blocker for arrhythmia.
Fourth, the bisoprolol-induced elimination of the P-AF episodes in ECGs was carried out by using monthly Holter ECG a total of 3 times. Although this is not sufficient for evaluation purposes, considering most of the previous studies examined drug efficacy by simply judging the improvement of subjective symptoms, our present study is valuable in that we have used 3 criteria; namely, the subjective symptoms, QOL, and Holter ECGs. Conclusions : We have demonstrated that bisoprolol was effective as an antiarrhythmic drug against diurnal symptomatic P-AF. Furthermore, this effect was further intensified for P-AF episodes occurring only in the daytime, and it was fully effective when used alone. Bisoprolol is also effective for long-term treatment, which makes it a good candidate for the suppression of diurnal P-AF.
